Hypoferremia is a well-known response to infections and inflammatory disorders. It seems to be managed by the key mediator of iron kinetics, hepcidin. There are several studies on induced-acute phase reactions. However, to our best knowledge there are no previous published reports on the outbreak of a common cold and its initial effect on iron kinetics. The objective of this case report is to describe such an observation. From an apparently healthy state in the morning we observed, in a 28-year-old male, every hour for 6 h the outbreak of a common cold and the modulations in the levels of serum iron (S-Fe) and interleukin-6 (IL-6). Despite a 100 mg oral iron loading there was a substantial reduction in S-Fe, which seemed to precede the IL-6 peak. Interestingly, this observed succession is in conflict with the proposed infection chain of order in which IL-6 stimulates hepcidin induction.
Introduction
Hypoferremia is a common response to infections and inflammatory disorders (Beresford et al., 1971) . The underlying mechanisms are reduced iron absorption from the intestinal lumen, impaired release of recycled iron from macrophages and increased iron uptake by reticuloendothelial cells. The rise in the serum ferritin concentration (S-ferritin) that occurs during inflammation and infection, is also well-known (Elin et al., 1977; Birgegard et al., 1978; Hulthen et al., 1998; Eskeland et al., 2002) . The mediator responsible for the altered iron kinetics induced by infection/inflammation appears to be hepcidin, a recently discovered peptide synthesized in the liver in response to interleukin-6 (IL-6) (Kemna et al., 2005; Roy and Andrews, 2005) .
Although the increase in S-ferritin remains for several weeks after recovery from infection (Hulthen et al., 1998; Eskeland et al., 2002) , it also seems to be the slowest of the iron markers to respond (Birgegard et al., 1978; Eskeland et al., 2002) . Despite this knowledge, the exact duration and the time course of this infection-induced alteration in iron kinetics has not been clearly established. The effects of mild infections on iron status parameters, before and beginning on the third day following onset, have previously been studied (Eskeland et al., 2002) . There are also several studies on induced (e.g. by injection with bacterial endotoxin) acute phase reactions (Elin et al., 1977; Kemna et al., 2005) . However, the initial outbreak and progress of a common cold has, to our knowledge, never been reported on before. The reason is that it cannot be easily mimicked, but has to be 'captured in the moment'. This paper describes such incidental findings, reporting a case of common cold outbreak and its effects on iron absorption as observed hourly for 6 h.
Case
A fit and healthy 28-year-old man underwent an oral iron tolerance test (OITT) during a pilot study at our laboratory. The study was approved by the regional Ethic Committee in Gothenburg. A fasting blood sample was drawn at 0900 in the morning to determine initial values concerning serum iron concentration (S-Fe), total iron binding capacity (TIBC), transferrin saturation (TS), S-ferritin, haemoglobin concentration (Hb), erythrocyte sedimentation rate (ESR) and IL-6. After this initial blood sample was drawn the subject was served one wheat roll fortified with 100 mg iron as ferrous sulphate together with 150 ml of water. For the purpose of studying the induced increase in S-Fe, blood samples were drawn after 30 min, 1 h, and thereafter hourly for another 5 h.
When the subject arrived in the morning he felt fine but after a couple of hours he began to experience initial cold symptoms, feeling tired and unwell and an initiation of a burning sensation in his throat. These symptoms increased, and over the coming days he had an influenza-like febrile response and stayed home sick from work. This was very interesting from a medical point of view because the initial start and progress of common cold symptoms was observed.
As the primary objective of this OITT was to investigate the induced change in S-Fe no other biomarkers were initially analyzed. However, afterwards when it was realized that the onset of the common cold had been captured, the last stored blood samples were reanalyzed for time-course changes in IL-6 and S-ferritin. Unfortunately, there were not enough blood samples stored to analyze other interesting biomarkers, for example the cytokines IL-1 and tumour necrosis factor. Serum IL-6 was determined using enzyme-linked immunosorbent assay (IL-6 Quantikine HS; R&D Systems Europe LTD, Abingdon, UK). All other analyses were conducted at an accredited reference laboratory (Clinical Chemistry Laboratory, Sahlgrenska University Hospital).
Results and discussion
The initial Hb, TIBC and TS were 150 g/l, 48 mmol/l and 42%, respectively. The ESR was o10 mm. The initial S-Fe was 20 mmol/l and the IL-6 was 10.0 ng/l. Since the upper limit of what can be considered a normal value for IL-6 is 5 ng/l (Brambilla et al., 2001; Walsh et al., 2001; Blade et al., 2002) , this type II acute phase marker can be considered slightly raised. However, initial S-Fe can be considered to be in the normal rage and not affected by infection via IL-6. Thus, if not IL-6 had had an earlier peak followed by a decrease prior to the start of the OITT, it seems like the reduction in S-Fe proceeded the IL-6 concentration peak.
After administration of 100 mg Fe there was at first a slight increase in S-Fe but after 3 h it had passed below the initial value. After 6 h the S-Fe was three times lower than the initial concentration (Figure 1 ). To put this S-Fe curve in to context, it can be compared to the mean S-Fe curve observed in 41 healthy male subjects under the same study conditions as in this case report. The mean maximal increase in S-Fe following oral administration of 100 mg iron was in this group more than 40 mmol/l after 4 h (Hoppe et al., 2006) (Figure 1 ). The effects of the infection are very pronounced considering the fact that the natural occurring diurnal variation in S-Fe has shown to cause a slight increase in S-Fe throughout the day (Ekenved et al., 1976; Hoppe et al., 2003) .
The drop in S-Fe was accompanied by an increase in IL-6. However, after 6 h the IL-6 was decreased as compared with the value 1 h earlier. This is in accordance with the results of earlier studies, which indicate that IL-6 level begins to decline somewhere between 4 and 8 h after the onset of infection/inflammation (Meffert et al., 1994; Berger et al., 1997; Feelders et al., 1998) .
No increase in S-ferritin was observed during the 6 h observation period. Despite an alteration in the other iron parameters the S-ferritin level remained constant throughout the day (51.870.8 mg/l, mean7s.e.m.), probably owing to the previously reported delay in the alteration of ferritin kinetic (Feelders et al., 1998; Kemna et al., 2005) .
The time course of S-Fe decrease and IL-6 peak reported here contradicts studies showing that hepcidin induction Common cold and its effects on iron absorption M Hoppe and L Hulthén and S-Fe decrease has to be preceded by an increase in IL-6 (Kemna et al., 2005; Roy and Andrews, 2005) . However, there are also observations of IL-1 as the most potent cytokine in upregulating hepcidin. For this reason, IL-1 has been proposed as more important than does IL-6 in inflammation-induced hypoferremia (Lee et al., 2005) . Furthermore, the appearance of the acute-phase cascade appears to differ depending on the cause of the inflammation (Fattori et al., 1994) . Future studies will undoubtedly reveal the complex intersections and interactions between different acute-phase mediators regulating iron kinetics.
In conclusion, the onset of an infection affects the iron kinetics so rapidly that S-Fe may even be one of the earliest responses to an acute phase reaction. We observed that the infection-induced alteration of S-Fe following the outbreak of a common cold preceded the IL-6 peak. Although this is only a case report, our observation is of interest considering the order of the proposed infection chain, where IL-6 stimulates the induction of hepcidin, the key mediator of inflammation-altered iron kinetics.
